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It is clearly going to be a challenge for III-Vs 
players to accelerate plans for automated 
manufacturing. The market demand will 
soon recover but before then much must be 
emplaced and be ready for the anticipated 
volume production. Technically this is going 
to be hard work made worse by an austere 
business climate. 
Photonics manufacturing 
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This magazine frequently covers the materials 
and device end of III-Vs. It often takes a look over 
the applications of III-Vs. If any area could be said 
to be neglected it would be assembly.All too 
often the so-called 'back-end' processing is the 
unglamorous part of semiconductor manufactur- 
ing and compounds are no exception. For both 
the micro- and opto-electronics segments of the 
compound semiconductors business, modules 
have in recent years become a major preoccupa- 
tion. It has reached the stage where miniaturisa- 
tion and compactness are higher on the agenda. 
OEMs want to source fewer components and be 
responsible for less manufacturing.The move 
from hand assembly via semi-automatic (a mix of 
hand assembly and, for example, placement of 
certain devices) all the way through fully auto- 
mated to monolithic is shown in Figure 1. 
Among the important trends surface device mak- 
ers are becoming more like what used to be 
called hybrid manufacturers - but without relin- 
quishing their device making capabilities. Such 
activities have also become a preserve of CEMs 
or sub-contractors and less for OEMs. Now in 
order to add value and in response to customer 
demand, the landscape has had to change and 
areas of responsibility have blurred still further. 
Microwave module manufacture will have to 
wait for a future issue.The focus for this issue 
will be on optoelectronics or 'photonics' auto- 
mated manufacturing especially for the telecom- 
munications sector. 
It is timely to overview trends and progress is 
the field of photonics manufacturing.The subject 
must be important as it has a magazine devoted 
to it: 'Optical Manufacturing' see 
bttp://om.pennnet, corn/home, cfm, 
Upcoming in a downturn 
As with anything having a telecom association, 
photonics manufacturing has suffered badly in 
the market downturn. It is especially painful 
given that getting up the learning curve takes 
patience and not a little finance. Figure 2 shows 
the general trends for the next decade of photon- 
ics manufacturing.Time, however, is one of the 
few things that manufacturers have in good sup- 
ply at the moment. Finances for capital invest- 
ment will remain less easy to come by for the 
duration. Nevertheless, ascompanies find the 
means to acquire tools, equipment makers and 
materials uppliers will benefit. 
In due course, automation i  module assembly 
and test will likely have excellent prospects in 
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photonics-enabling technologies. Photonics mod- 
ule companies wanting to boost their productivi- 
ty will seek to leverage new developments in
assembly equipment. It wilI have the additional 
benefit  of helping them develop more advanced 
products.Thus the era of automated photonics 
manufacturing could be said to stimulate market 
expansion. 
In a recent market report  by In-Stat the photon- 
ics market was assessed as shown in Figure 3. 
The report's authors note that even though opti- 
cal ICs will exper ience very modest shipment 
growth and a slight reduction in revenues in 
2002 due to the combined effects of a reduction 
in demand, the ever-present semiconductorASP 
decline and a reduction in lead-time before prod- 
uct is needed, 2003 and beyond will see positive 
growth in this market, resulting in a market of 
almost $1.8 bn by 2006. Furthermore, as the cur- 
rent product ion grade ICs are completed, they 
will be sold into two major end-user markets: 
module suppliers and communicat ion equipment 
vendors. 
As the industry makes its recovery, demand will 
focus on advanced manufacturing equipment 
offering attractive cost of ownership and return- 
on-investment.With today's photonics business 
having a capacity glut with excess equipment  i
is going to be some time before a major upsurge 
in capacity expansion but when it happens it 
will likely be rapid.An additional factor will be 
competit ion in the industry forcing companies to 
bring in and use advanced technology to help 
reduce costs and/or produce competit ive high- 
performance products. 
Photonics must catch up 
Thus the nett effect of the recovery of the pho- 
tonics industry, or so the industry observers ay, 
will be to promote demand for improved manu- 
facturing equipment.This will be one of the mar- 
kets less affected by second-hand equipment 
even though the factory closures have added to 
this market it will largely be with obsolescent 
semi-automated quipment.  The bulk of the fully 
automated equipment will be brand-new. 
A further stimulus will be that any capacity-driv- 
en equipment will be under  severe pressure in 
the near future when orders come in. 
Overall, module companies will be forced 
towards the most advanced tools because their 
customers require them. 
Volume 
Performance 
Reliability 
Market assessments suggest hat amongst he 
best prospects will be pick and place equipment 
together with automated aligning equipment.  
Another important factor will be automated test- 
ing of optical components  and modules as the 
technology becomes more sophisticated. 
This is in contrast o low-volume, high unit cost 
markets uch as submarine repeaters.This market 
has just about collapsed thanks to the glut in 
fibre and observers doubt it will re-emerge for 
some time yet.And so pbotonics companies are 
going to have to look for other business uch as 
fibre-to-the-kerb to expand business.This 
requires a different approach akin to the switch 
from defence to consumer.As a result, some 
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Figure 3. In-Stat's market report suggest that even though photonics ICs will see modest ship- 
ment growth in 2002, 2003 and beyond will see positive growth in this market, resulting in a 
market of almost $1.8 bn by 2006. 
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Figure 4. The first product 
available from InP photonics 
chip company ThreeFive 
Photonics was the Argo 
A4D2.5, a 4-channel 2.5 
Gbps multiwavelength receiv- 
er with a channel spacing of 
100 GHz. The newer A4DIO 
multiwavelength receiver 
addresses the demands of 
system integrators/OEMs 
needing to provide high- 
capacity interconnections in 
metropofitan etworks, 
where space and power con- 
sumption are fimiting factors. 
With four channels at 10 
Gbps the multiwavelength 
receiver eahses a fourfold 
capacity increase over its 
predecessor without requiring 
any additional space. 
companies are exiting the small volume business 
segments. It is open to question what will hap- 
pen when this market picks up as it likely will 
have done within a few years. 
If anything, the photonics ector has some catch- 
ing up to do. It is generally agreed that the opto- 
electronics industry is as much as five years 
behind the mainstream semiconductor  industry 
in automated manufacturing.With the type of 
markets which are coming along such as lower 
cost optical networks, photonics module makers 
are having to change their business approach. 
One route has been to exit the business as a 
maker of product  and sub-contract this to a 
foundry operation. Examples of contrasting busi- 
ness approaches are those adopted by the for- 
mer photonics leaders, Nortel Networks and 
Agere. 
However, they have the added complication of 
having to quickly and reliably achieve precision 
al ignment in addition to more mainstream-like 
assembly operations uch as chip placement. 
One of the toughest requirements has been the 
matching of the optical fibre to the module. After 
years of development the benefits of automation 
have been brought o this task. Another demand- 
ing task is providing the necessary accuracy for 
placement of the corresponding component  
such as the diode laser chip. 
Moreover, along with the new generation of 
equipment will come a new approach to manu- 
facturing.This will bring into play statistical 
process control, root-cause analysis, and other 
data-mining and part-tracking applications. 
At this level of sophistication the manufacturer 
must be able to characterize all of the variables 
which control end quality through the move 
from manual to automated processes. 
A coincidental issue will be staffing. In the recent 
past most opto companies have had to reduce 
staffing levels.This arose from being over-staffed 
relative to market demand.This in itself arose 
from several factors including mergers and acqui- 
sitions and of course the market downturn.  
There is therefore an industry trend towards 
leaner manufacturing.This involves being leaner 
in staff as well as in all other  respects as prac- 
tised by the mainstream semiconductor  industry. 
Automated manufacturing will go hand in hand 
with this strategic direction. 
Packaging and equipment 
Now it is t ime to turn to what  is happening in 
market via some representative examples.An 
example of today's state-of the art photonics 
modules is that of the Argo, see Figure 4, from 
Netherlands basedThreeFive Photonics (see 
below). Its first product the Argo is a 4-channel 
2.5 Gbit/s mult iwavelength receiver with a chan- 
nel spacing of 100 GHz. Uses include long-haul 
and metro DWDM (SONET OC-48, SDH STM-16), 
DWDM datacoms (Gigabit Ethernet and Fibre 
Channel)  or DWDM for regional interconnect for 
digital CATV. 
Claimed to be the world's first multi-wavelength 
receiver on a single chip, it features a previously 
unseen level of integration for volume-produced 
opto components.  It integrates an arrayed wave- 
guide grating (AWG) wavelength demult iplexer 
with one high-speed PIN photodetector  and one 
high-gain trans-impedance amplifier per channel  
into a single compact multi-wavelength receiver, 
hermetically sealed in a 14-pin butterfly package. 
The module displays all the hallmarks of a typical 
module in that it confers major space savingAn 
ultra-compact 14-pin butterfly package (30 x 30 
x 7.6 mm) can save at least 80% in space when 
compared to conventional configurations consist- 
ing of separate components,  ays Argo. On the 
pricing front it costs less than the equivalent 
cost of a separate DWDM demultiplexer, and four 
receivers, the company said. 
As regards the aforementioned issue of fibre han- 
dling the design eliminates four connectors  (or 
splices) when used instead of the conventional 
solution consisting of one demult iplexer and 
four receivers. Finally, reduced inventory and 
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component  count are achieved as in effect one 
part with a single part number  eplaces a solu- 
tion consisting of five components  and two part 
numbers.  
In September, the company launched the second 
member  of the family: the Argo A4DlO.This is an 
integrated mult iwavelength receiver with four 
channels of 10 Gbit/s capacity each, which beats 
equivalent hybrid and discrete solutions in terms 
of footprint, pricing and ease of assembly. It will 
allow network systems OEMs to increase their 
network capacity with a minimum of invest- 
ments, said the compan): 
In the area of manufacturing equipment, new 
machines have come along which like their clus- 
ter tool counterparts in the semiconductor mar- 
ket, combine multiple operations in a single unit. 
For example, with lack of repeatability a major 
contr ibutor to yield impairment in component  
assembly, EXFO is among companies providing 
enhanced manufacturing equipment. Its ProBond 
accessory for the ProAlign 5000 component  
assembly workstation has automated the entire 
fibre pigtail assembly process, see Figure 5. 
ProBond improves cost-effective assembly via 
automation and enhances product R&D. 
Lastly, we should not forget that materials have 
an important role to play in this arena too. 
The next-generations of photonics  modules 
require h igher performance in smaller pack- 
ages. Manufacturers are thus exploit ing the new 
materials that have become available so as to 
optimise thermal, mechanical,  and electrical 
performance. 
Improved materials are required because the 
assembly operation must reconcile what can be 
opposing properties. Components uch as diode 
lasers are still temperature sensitive and so the 
manufacturer must take note of thermal dissipa- 
t ion and expansion matching. Other factors 
include die brazing ability, weldability of posi- 
t ioning ware for the al ignment of the fibre, the 
optical devices and ancillary components  such as 
a semiconductor die submount,  high-speed elec- 
tronic circuitry and the ceramic isolation pads. 
Today, materials uppliers are introducing a
wider range of options to meet these criteria. For 
example, the designer can choose from sub- 
mounts made from AIN, beryllia, d iamond and 
SiC.At the same time the makers o£ the actual 
diode lasers are also refining their products 
to make them, for example, less temperature 
"The next 
generation of 
photonics 
modules require 
higher 
performance 
in smoller 
packages." 
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Figure 5. Demonstrated for 
the first time in September at 
the National Fiber-Optic 
Engineers Conference 
(NFOEC) in Dallas, TX, USA, 
was the bonding option, 
ProBond, for the ProAlign 
5000 component assembly 
workstation from Canadian 
company EXFO Electro- 
Optical Engineering Inc. The 
ProAlign 5000 workstation is 
EXFO's new, fully integrated 
system for active alignment 
and assembly of photonics 
components. The new option 
involves automatically dis- 
pensing a controlled amount 
of adhesive, then curing it 
with light. 
sensitive.The industry is striving for what  is in 
effect an holistic approach because no one part 
can be considered in isolation. 
Ultimately monolithic 
While a major preoccupat ion of the photonics 
industry is hybrid integration for module manu- 
facture, this is but an interim stage in the evolu- 
t ion of this business. Companies also have to 
look further ahead in the mainstream semicon- 
ductor model towards the photonics  equivalent 
of the application specific IC, or ASIC. However, 
this is no mean feat as the photonics manufactur- 
er must bring together two often confl icting 
types of component,  he micro-electronics and 
opto-electronics in one unit. 
The market has seen a number  of start-ups 
come into this exciting business area.As we 
have already seen ThreeFive Photonics, wh ich  
spun off from Delft University in 2001, has 
already launched its first products.This compa- 
ny is targeting the monol i thic integrat ion of 
entire subsystems on a single chip. In this way, 
so it says, significant improvements in the 
compactness,  cost and performance of te lecoms 
systems can be achieved. In the future designers 
will be able to build systems for optical 
networks at lower cost, smaller footpr int  and 
reduced power  consumpt ion.This  again closely 
parallels the sil icon IC business of quite a few 
years ago. 
InP is favoured for monolithically integrated pho- 
tonic chips because it is claimed it can outper- 
form materials used in current telecom compo- 
nents and subsystems.ThreeFive Photonics' goal 
is to realize the world's first complete telecom 
subsystem on a single chip. 
It is generally recognised that InP is the only 
material available that allows the monolithic inte- 
gration of active optical, passive optical and elec- 
trical components.After not a little R&D over the 
years the fundamental condit ions have been met 
to enable companies like this to consider actual 
product ion of photonic ICs in InP. 
A further parallel to the silicon model is 
ThreeFive Photonics' decision to be a fabless 
operation. It is outsourcing the manufacturing of
its chips.Thus it has become the first fabless 
optical InP company. 
Progress to date has been impressive and 
includes development  of a range of optical com- 
ponents  such as detectors,  optical amplif iers 
and switches. Monolithic integrat ion of, for 
example, the AWG with photon ic  components  
will lead to advanced and ultra compact  devices 
such as mult i -wavelength ransmitters and 
detectors,  optical add/drop mult iplexers and 
cross-connects. 
Photonics revolution 
As has now become clear, automated manufactur- 
ing is by no means as simple a transition as past 
ones may have been. It represents nothing short 
of a revolution in this industry sector. 
While some of this trend can appear to have the 
features of being marketing hype there is an 
underlying strategic hange in prospect. It will 
not be an easy change nor  will it be attractive to 
all. Companies are now having to decide if they 
wish to remain in this business.Those that do 
will have to fully embrace the technology and 
restructure their entire operations. 
If they do not carry off this transition they will 
be unlikely be able to exploit the full advantages. 
Only through implementat ion of automation 
strategies will they achieve the quantum 
improvements in quality and the reduction in 
manufacturing costs as are going to be demand- 
ed by the market. 
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